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AH H'lVIiSTIGAriOi; OF 3ffi 7A;iLfiTI0H 
OF ELEVATOR POICP. AID DAITTHG Ti; PirCK i'Ui.’II lA'i.CH llUIDS i 
POP AN FJ-3B "FUIY JET" AIDUID 
TI-LiOUCai STE.\DI STATE FLIGHT TESTS 

SlI-SIAPY 

'Ihe pxir’''ODe of the investigation was to detcri^ine tlio variation 
of elevator power, , and darming in pitch, Cij^idS > ^ FJ-3B 

airplane over a llach nnrber range of .I 4 to .8 throxigh flight 
tests at altitudes of 10,000 , 20,000 and 3G,000 feet. 

Tlie determination of 0^,^ vjas based on the analjsii of the 
stabilizer position trim curves obtained from level unacceleratod 
flight tests at c.g. locations of 22.7k and 27.77 ^m.a.c. The 
detemination of v;as based on the analysis of the stabilizer 

position trim curves at n=1 and the maneuvering trir-; curves at 
n=1.5 for the care center of gravity locations. 

Analysis of the flight test data indicated the folloTrdng: 

1 . The altitude trir. curves of stabiliser position versus 
lift coefficient are non-coincidcnt due to povwr effects. 

2. The major contributions of power, (at constant thrust 
and constant lift coefficient), to the cliaractor of the altitude trim 



curves are; 
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a. Increase in dotromsh vri.th altitude caused by the 
induced flow at the tail due to inflow to the jet nixing 
zone. 

b. Increase in normal force with altitude at the air 
duct inlet under accelerated flight conditions. 

3 . A close correlation in the ragnitude of exists 

betvjeen IIAA wind tunnel data and the flight test results over the llach 
nur'iber range investigated. Hbxwver, the opnosing character of the 
vri.nd txinnel data and the flight test results indicate a significant 
d-fference may occur at higher Kach nvinbers warranting further in- 
vestigation. 

li. The decrease in and Cmd© vdth lach murber at a 

constant lift coefficient, as indicated by the flight test resxilts, 
is due to the destabilizing influence of the poxjer effects. 

It is reconiended that fxirther investigation of 0^,^ be conducted 
at higher Ilach nximbors to deterr.ine if a significant difference in 
occurs, as predicted by the opposing character of the KAA, xrind txinnel 
data and the flight test resxfLts of this investigation. 



AW nr7W3Tia\TIO!j 0? TnE 7A7IA?I0II 

t 

07 BL'3;>AT0?. V0\I22 AID H'liPHTG HI PITCH V/ITH TACH IKDEI 



FOP AW FJ-3B 'TCrf JET" AIPPMIS 
TinOUGH STE/iDY STATS iT,ICHIT TESTS 



HITPODUGTIOH 

Tne q\;est for higher nerfor. ance in firhtor aimlanes has forced 
inuch attention to be devoted to the stability and control pix)blons 
involved in providinn desirable hand3.ing qualities througliout tlie 
flight envelope. Due to recent advances in the field of instnraenta- 
tion and fligiit tost techniqxies the aoro^maricist has been able to 
secure tlie necessary stability and control data through fliglit test- 
ing methods in conjunction urith data obtained through v;ind tunnel 
tests. The pix)hibitive expense in vdnd tunnel construction and the 
inaccuracies of snail scale nodels has necessarily pointed out the 
advantages of actxial flight testing methods. Cne such method is 
called steady state flight testing. 

The puroose of this investigation was to deterrdne throu^u 
steac^ state flight tests the variation of elevator poi/er, , and 
darping in pitch, Cj,^q, for the FJ-3B airplane over a I-iach number 
range of approximately .h to .8, at pressure altitudes of 10,000 , 
20,000 and 30,000 feet. 

jhe deter Inat ion of 



Tms based on the analysis of the 
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stabilizer p-^sition triin curves obtained fror; level unaccoleratod 
fli^t tests at tiro different center of gravity locations. 'Hie do- 
te rr.iination of ;jras based on the analysis of the stabilizer 

position trin curves at n=1 and the nanetrvering trlxi cuiares at 
n=1 .5 for the sane center of gravity locations. 

A corioarison of the fli^it tests results id.th estinatod aero- 
ct/Tsarlc characteristics fui^nished by the Ilbriih /.nerican Aviation 
Corr>o ration conducted to point out the correlation of data. 

iiie flir^t test portion of the investigation \ms conducted at 
the Ilaval Air Ibst Center, Ih A. S. Patip-cent liver, laryland on the 
20th and 21st days of Doconber 19^8. 15ie analysis \ras conducted 
during the spring senester of 1 9S9 at the Forrestal losearch Center 
of Princeton University, Princeton, Vtcxr Jersey. 
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EQU3PI3S!Ii? 

7ne test vehicle nsod for the flight tests i-jas an FJ-3B air[[?lane, 
Bn. Ifo. 136103. Bie FJ-3B is a single engine, single placed, fighter 
t:ype airplane designed for can'ier or land based operations. Ihe 
poirerplant is a J65-W-16A axial flow tmrbojet engine vrith a thrust 
rating of 78OO porends. 2 ie airplane is characterized by the engine 
intake duct, located in the nose of the fuselage, and th.e s^^ept back 
>nngs and erpennage as presented in Fig.’s 1. and 1A. 

Ifoteworthy design features include a canbered leading edge and 
corbined action of tlie elevator and horizontal stabilizer knotm as 
the controllable horizontal stabiliser or the "flying tedl". 2ie 
airplane has a conventional, fully retractable tricycle landing gear 
and single -slotted Fcn^ler type landing flaps and fuselage -rounted 
speed bralces. Excellent handling characteristics are iraintainod 
tlirougjiout tire speed range of the airplane tlirough the use of arti- 
ficial feel and an irreversible liydraulic control systen to actuate 
the ailerons and stabiliser. Rudder control is provided tlu'ouf^i tlio 
use of tl'ie conventional cable syston. Tlie aiiplane is provided ;d.tli 
a catapxO-t hook and holdback fittings for take-off, and an ai*resting 
hook and barrier guard for candLer landings, iho outer panel of each 
wing r.iay be folded for ease in deck handling euid storage aboard a 
carrier. Tvro 200 gallon external fuel drop tanlcs are attached to 
the inboard tring panels. 

A detailed description of the longitudinal control systein is 
as follovrs: 

1 . longitudinal control is achic 3 fved by deflecting the t^ro movable 
sections of the controllable horizontal tail. 
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2. fonrcird. or stabiliser section is operated i:^(ira'ulically 
and is riedianically linlasd to the aft or elevator section causing the 
elevator to iTOve in a definite I’elatlonship to the stabiliser rioverxjnt 
as presented in Fig. 2 . 

3. Stobiliser area is U 7*8 sq. ft. mid the total elevator area 
is n .1U so. ft. 

1|. otabiliser full deflection is 6° leading edge up and 10° 
loading edge dov/n. Elevator full deflection is 2 ^ 37 ’ trailing edge 
down and 21 °3^’ trailing edge up. 

the airtifioial feel system consists of a 2 lb. bob vraight, 
a bob -weiglit balancing bungee and an artificial feel ^ring iri.th a 
preload of 3 lb. and a spring constant of approxiraately 3 lb. per 
degree elevator deflection. 

6 . Trinrning is aocorplished hj reans of the normal or alternate 
trim. s’.Jitch and the electric trin actuator uhich prepositions the 
anbificial feel spxdng to the desired stick feel. Rate of trin is 
li 3/8 Ib/seo. 

Bie followij^ general specifications and dimensions are taken 
from the mnufactiJrer’s drairings and reports. 

Airplane, general 

Ilanufactiorer Borth AneidLcan Aviation Gorp. 

Navy filter 

Engine Ifright J- 6 $-m 6 A 

?jeco7TB!iended gross weiglit 
at take off 



Overall length 
Pleight 



19,500 lb. 
37.55 ft. 
13.95 ft. 



VJing 




span 


37.12 ft 


Total area 


3. '2. 32 ft' 


Isan aorod3ma^lc chord 





I^ength 1 01 . f?4 in . 



Distance froiu rofcronce datxm 

to tlie leading edge of tie ;;.a.c. 162.2? in. 



Horisonta.1 tail 

.Span 15.08 ft. 

Total area ij7.l8 ft^ 

Tail length (distance fror-! .25 wing 

n.a.c. to .25 tail m.a.o.) 212J4U in. 



Horizontal stabiligor 
Area exposed 
Faxirrur'. deflection 

Slevator 

%)an 

Total area 
Faxinun deflection 

ITuselage 

Lengtli 

Dentil 

V/idth 

Tineneas ratio 



27.91 ft^ 

o ,0 

10 doiai, 6 up 

78.15 in. 

11 .11 ft^ 

2°37’ doxm , 21 

1;10.00 in. 

63.1-9 in. 

60.00 in. 
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:• up 



6.1i3l 
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x!ie in stnmien Nation reqid.red 'oo obtain i>lio necessar;/’ data for 
investigation consisted of an airs’'^Ged indica'bor, axi altirctor, 
an accelei*oTTGter, a stabij. isor position indicator, and a fuel loaci 
covmter. 1310 individual instrurents ai'e described as follo'i/s: 

^ • -ulrspeed indicator 

'3ic airsnoed v/as neasured vrith a standard sensitive airspeed 
jjidicator connected to the airplane's Pitot-static. systcn. die air- 
speed instnuent en’or was assiired negligible. A calibration c\xrvo 
for aii’snoed position em'or is presented i:i I'^ig. 3* vic'.? of the 
airspeed indicator is prescnvied in Pig. it. 



2. /uLtiraetcr 

Ihc altitude was reasxired ijildi a standai'd sensitive tjrpe alti- 
rxiter. A view of t;ie nltirseter is presented in i^g. 1;. 

3. Accoleroretor 

Since tlie range of accelerations encovjitercd in the tests xxas 
srall, a special accclci’orffitei’ was used for this investigation. Phe 
acceleroretor consisted of a g3.ass t\ibe apnroxiiaatcly l6 inches in 
length, a siiall coiled spring, a steel -vjcight, and an attacteient for 
connecting t/ie ^ring to the internal end of the tube, dui additional 
\;eig}it ’.jt’ich vtes tlio exact sar.ie weif^t as the installed steel weight 
^r3.s used in calibrating th.e instrurent. 

rJith the spring nounted in one end of the glass tube tlie instru- 
rent vras calibrated by secui'ing the tube in a vertical position, 
hanging the additional i-jeiglit on the end of tb.e installed iraight and 
carefully i.Tarking tlie equilibrium position of tlie installed woij^t on 
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the tube. In this rnnner the tube vjas caD.ibrated for accolex’ations 
of t>ro ''g’s" requiriixg a spring e:ctonsion of approxirratoV five inches 
Assxrning the spring constant iras linear the fractional *'g" positions 
■wore easily located and inscribed on tlie tube. A view of the accelero 
roe ter as iKOunted in the aiiplane cocl-cpit is presented in Fig. h- 

Stabiliser position indicator 

'Hie stabiliser position was r ensured by a 28 volt, J 4 OG cycle 
altex*nating cxir:-ent autosyn transnitter. A calibration of the stabi- 
liser position indicator is pro.sented in Ilg. $. A view of the stabi- 
liser position indicator is presented in I’ig. h. 

5 . Fuel load counter 

A fuel aboard odoineter was installed above tiie instiat.xmt panel 
shrou-d to provide an accurate account of airolane gross vreifjit, Trie 
counter was set at 9U5 and was activated at engine Hgjit-off . A cali- 
bration curve for the fuel load covater is presented in Pig. 6 . 

A view of the fuel load counter is presented in Pig. it. 
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P?.OCBDU^:; 



Uie’test flights xjore conductod in an ?J-3B Bn, Ifc. I36IC3 in 
four flights fi’on the Ilaval Air Tfest Center, K. A. S. Patuxent River, 
Ilaryland. 

ihe flights consisted of obtaining the stabilizer position trim 
ctirves in level \inaccelerated flight md the stabiliser position trin 
curves in ^Tnetrical pull ups at n»1 .5 in the cruise configuration. 
Ihe flights irai’e conducted at nressuro altitudes of 30^000 , 20,000 
and 10,00v0 feet at tx-ro different talce-off center of gravitr/ positions 
corresponding to 2),'.. 109 and 28.619 /j iti.a.c. gear up. Ifie tests irore 
conducted in accordonce >/itii the rethods outlined in the HATC Fli^t 
Ibst lanrial, Part II. Ihe fon-rard center of gravi'Jy position was 
obtained through the positioning of 596 lb. of load shot ballast in 
the fuselage nose conpartj-ient at station iiO. 3ie ballast was reiovcd 
for the flights at the aft center of gravity nosition. Vfeif^t and 
balance data is nresented in Table I. 

On all fligjits the poi-rer and tiujn, at each test altitude, vras 
adjusted to nroduce a level flij^t trim indicated airspeed correspond- 
ing to an equivalent airspeed of 250 lets. Once adjusted, the povjer 
and trim for level fliglit xjere h.eld constant tlireu^out the test. 

7ne procedure for obtaining the stabilizer position trim curves 
at n=1 iTtis as follows: 

1 . 1*fi,tli the airolano trimr'ed for level unacceleratod flight in 
the cruise configuration the airspeed ira.s stab;Lliscd at selected in- 
crements on eitlier side of the trim airsneed, and observations of 
indicated airsrxjed, stabilizer position and fuel counter vrcre recorded. 
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ilie raJi{;^ of tiio stabilised iiidicated airs^x^eus obtained dxiring tlic 
test varied from approxiriately 20C to 30C kts. 

“Sie procedure for obtaining raneuvoring ababilizor position trii;. 
curves at n=1 .5 as folloxrs: 

1 . I'H.tli tlio airplane triroricd for level unac cole rated flight in 
tlie cruise configuration; syi.irx;trical pull tips w3i*c conduc'ped at 
n=1 at selected airspeed increrxjnts on oitlier side of the trl:.i air- 
srxjod. Obseivations of indicated aii'soeed, stabiliser position and 
fuel counter vrare recoi’ded at each -Doint. Tne range of selected in- 
dicated airspeeds obtained during the 'lest varied fixD.'i apni*oxinately 
200 to 300 kts. 

Oie test flights ■were conducted in the follovring order: 

Test flight ho. Descrin-bion Talco-off c.g. 

1 . Stabilizer position trin cui-ves; n--l 2U.109 /j n.a.o 

a. 30,000' 

b. 2C;00C' 

c. 10,000' 

2. lianeuvering stabiliser position trin cuives, 

n=1 .5 2lt.1 Op n a.c 



3 L • 


30,000' 




b. 


20,00C 




c. 


10,000' 




Stabilizer position trir.i ctirves, n-1 


28.619 ;; n.a.c 


a. 


30,000' 




b • 


20,000' 




c * 


10,00C 




lianouvering stabiliser position trir. 


curves. 


n«l .5 




28.619 yj 13. a -C 


a. 


30, '00' 




b. 


20,000' 




c. 


10,000' 
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Tn each fuel was oonrruned f:-.’on the drop tanlcc onl:/ in 

order to rdnirnizo the reapiired center of gravity coi’i-ection. .'‘11 data 
ijcre visually obsei'ved by ttie prilot and nanually recorded. 

Aerologic soundings of the atr.iosphere were obtained fro;.' tiie 
EhTC Patuxent .liver Aerology/- Departi'ent for tl-ic period covering the 
test fligiits. Ati'ios'pheric conditions diu'ing the test flights •;«^ro 
ideal. 
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RESULTS 

Tne obD'.’rved fli^t test data is presented in ibble II. and 
Eig.'s 7. and 8. Uie average xrei^t corros’eonding to eacli flight 
':©st was deterr-ined fron the appropriate fuel covnter - gross ^Tcight 
calibration curve presented in Fig. 6. Tne average c.g. location 
corresnonding to each fli^t test iras detorrpdncd fron tlic appropriate 
gross i'TOight - center of gravity calibration curve presented in 
Fig. 9* 'F.ie average ireij^its and center of gravity locations for the 
observed flij^t test data are presented in Table III. As a sub- 
stantiating factor, test flig^it i'3 • was roflovm on 10 ! larch. 19^y, 
by an lilTC pilot. The observed flight test data for the substantiat- 
ing fligl^it, dosi^ated as j?3A, is presented in Table T7. and Fig. 10. 

Tao aii’specd instrax;«nt error vjas considered negligible, ihe 
indicated airspeed vra.s corrected for position oriK>r and ccs'pressi- 
bility. Hie Position error correction chart is presented in I^. 3* 

Hie cor-pressibility correction chart is presented in Fig. 11. Hie 
stabilizer position indicator calibration curve is presented in Fig. 5. 

Hie detemination of Vg , Gj, and S* (stabiliser position in 
degrees, uncorrocted for center of gravity shift due to fuel consumed 
fron the drop tanks)’, is presented in Tables 7. throug)i 7II. Hie 
variation of'' S* id.th 7q and 5* vrlth Cj^ are presented in Fig.'s 
1 2 . throu^ 1 7 . 

Utilising the variation of $* i-rith Cj^ presented in Fig. 's 
lU. throu^i 17. > the data for fli(^ts //I. throuj^ i1^. irere corrcetod 
to con.’ on c.g. locations of 22.7li and 27.77 n.a.c. I’es'pectivety, 
as presented in Table Tin. Hie c.g. shift constants, in degrees of 



1 
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stabilizer per percent of :n.a.c. change, ■'.jero determined at constant 
’s by dividing the difference in stabiliser angle required by the 
difference in average c.g. locations associated vrith a given altitude 
and normal acceleration, liio variation of S vrith for the c.g. 

locations of 22. 7U and 27-77 % m a.c. are presented in Fig.’s 18. 
through 20. and 21 . tlirough 23* resnectively. Vfcight corrections fer 
vrere considered negligible. 

'Ib.e Bio va tor Potrer, 

1 . Theory 

VJhen an airplane is in level flight equilibil.un as shoim sche- 




the sxnriration of the vertical forces is 

■jdiere W = airplane vroight 

Ljp » lift force at the neuti’al point 

® change in tail lift d\ie to elevator deflection 

Tlie sunration of rorents about the c.g. in level flight eqtii- 
libriim is : 






( 2 ) 
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vriiere H^jp is the raoment about the neutral ">oint 

h is the distance fror the c.g. to the neutral point 

1 q is the distance fron the c.g. to the center of pressure 

of the tail tdiich for calculations vras assured to co- 
incide vrith the quarter chord of the tail 
Sxibstituting eq (1 ) into eq (2) for L^jp to have 



- fW-Ielh - Ifele • 0 

Dividing eq (3) by qSc , wo have 



(3) 



^Tip _ ^ ^ 



(M 



qSc qSc qSc 



which reduces to the following coefficient fonn 




(5) 



However 




and 




or rearranging terras to have 




( 6 ) 



c 



Substituting eq (6) into eq (5) 




(7) 



Then solving eq (7) for 5 , 




( 8 ) 



1U 



xjiiere the first terra corresponds to the elevator angle at 
and the second terir corresponds to the elevator angle variance with 
Differentiating eq (8) with respect to h/c and noting that the 
terra [1 q/c - h/c] is a constant for a given c.g. location, we have 



__ 



d(h/c) 






(9) 



Finally, solving eq ( 9 ) for the result is 



C_— *5 
n5 



d(h/c) 



le/c 



Ig/c - h/c 



per dog 



( 10 ) 



which is the basic expression erployed in the deterDdnation of elevator 
poa-ror and is based on the airplane lift coefficient. 



2. Deterroination of 

Tne doterraination of was restricted to a range of 

= .275 to . 32 ^ vrfiich constitutes the central portion of the 5^ 
versus cxirvos for n=1 . In order to detei^oine h/c it x-ras nec- 
essary as the initial procediire to doteridne the location of the neutral 
point. 

In deterrdning the neutral x-)oint the values of d5/dCj^ for the 
three test altitudes and for a range of .27^ to ,325 > as ob- 
tained frora the 5 versus Cj^ curves for n*1 , >jere plotted versus 
c.g. location as presented in Fig. 2lx. 'ihe neutral point v/as determined 
as the c.g. corresponding to the dJ/dCj^ sere intercept of the extra- 
polated line dravm throuf^ the plotted data pxjints. 

A comparison of tiie neutral point variation xfith Gj^ xri.th the 
Iforth American Aviation Corporation data is presented in Fig. 25* 
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Ihe doterrrLnation of in accordance Trith eq (10) for the tliree 

tect altitudes, c.g. locations of 22-7U and 27-77 5 r..a.c.,- and a 
Cj^ range of .275 to .325 is presented in %.ble IX, A coi.parison 
of the variation of Cjjjj with Ilach nvnbor vdth the Ijbrth A^icrican 
Aviation Ck>rpo ration data is presented in Fig.'s 26. and 27. 

Ihe Darping in Pitch, 

1 . 

In accordance •vri.th I?ef. (l) the non-dlTonsional pitcliing no rent 
equation for longitudinal notion of a rigid aiiplano with controls 
fixed and whose thrust vector passes throvigh tiie c.g. is: 

® ~ ^ ( 1 1 

Equation (11) is based on a rigid body dcvolopnent assuning that 
the disturbed notion is one of snail oscillations about noire steady 
state flight condition and also that the external forces and nonents 
acting on the airplane, due to the perturbations fror. steady state 
notion, are independent of the accelerations involved. 

For the case of steady level unaccelerated flight and syrinotrical 
pull -ups, equation (11) reduces to the follo\ri.ng two equations: 



unacoele rated level: 





(12) 


symnetrical pull ups; 






(13) 



If, as in the case of a subsonic aircraft, (II < .75) , it is 
assumed that is negligible and that Gj^ is constant for 

equal to a constant, then the darping in pitch ray be deteniined as; 
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Cmf AST 






d0 



Cl»K 



per rad. 



where 







Oh) 



and 




for syrinetrical piall-vps. 



2. Deterrdnation of 

llie deterrdnation of Cj^g was restricted to Cj^ = *325 vdiich 
is the only value of Cj^ for which vras esperiientally determined, 

common to the S versus curves 

for n«1 and T .$ . The determination of Cj^g in accordance T-dth 
eq (lh) for altitudes of 10,000 and 20,000 feet, c-g. locations of 
22. 7h and 27*77 m.a.c., and C-^ = .325 » is presented in Table X. 

Ko experimental value of -was determined for = .325 at an 

altitude of 30,000 feet since the associated tiach number of .8 

is greater than the Ilach number range for vjhich eq (lh) rerains valid. 

Hie theoretical calculation of Cj.^g is based on the assurption 
that total damping in pitch is the sum of the darping contributions 
of the various airplane coirponents . In the normally configured 
airplane the damping duo to the tail is considered the major factor. 

Hre damping due to the tail occurs as a direct result of the change 
in effective angle of attack of the tail produced by the angular 
velocity. It is the usual practice to evaluate the darning in pitch 
due to the tail and then increase the tail damping by a factor of 
1.1 to account for the other component contributions to the total 
damping. 



and which lies in the range of Cj^ 



I 



! 
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The theoretical calctaation of Cj3tj0 is given by 

^laie Trfp ^ per rad. Ref. (1 ) 

c V- ^ 

However in the case of the wliere tJie horizontal stabilizer 

is all rweable, the factor 'c is equal to one, and tt)e equation 
reduces to 

^nde “ P®r 

A connarison of the theoretical value of (^9 > determined in 
accordance with eq (l5) and based on the experirental value of 
as determined by eq (10), vjrith the valms of , determined from 

the flight test results in accordance with eq (lii), is presented 



in Table XI. 



18 



DISCUSSION 

An analysis of tlie observed flight test data presented in 
Fig.’s 7 * and 8., the versus Vg curves presented in Fig.'s 

12 . and I3., and the 5 ^ versus Cj^ curves presented in Fig.'s 18. 
through 23 . , indicate the f ollcvd ng ; 

1 . For any given test flight the three altitude trin curves 
are not coincident but are offset by a near constant pitching nonent. 

2. Ihe magnitude of the nose \ro pitching moment increases as 
altitude increases. 

3. Bie magnitude of the offsets bet>reen the altitude curves 
for n= 1 .5 is greater than the offsets evidenced for the altitude 
curves at n=1 , for the same lift coefficient. 

ij. The near constant nose up pitching moment is independent of 
dynamic pressure variation and therefore not influenced to any large 
extent by aeroclastic phenomena. 

Coiparison of the observed flight test data for tost flight ,^3 
presented in Fig. 8. and the observed flight test data for the sub- 
stantiating test flight )'/ 3 A presented in Fig. 10. indicate tliat the 
test data is reliable. 

The non- coincident character of the altitude tidlm curves due to 
the nose up pitching moment encountered vrf-th altitude increase is 
caused by power effects. The three major contributions of the jet 
power unit to the longitudinal stability of the airplane are: 

1 . direct thiuist effect 

2. induced flow at the tail due to inflow to the jet mixing 
zone 

3. direct normal force effects at the air duct inlet. 
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The direct thrust effect, which is given in ilef. (l) as 



C: 

w 



does not affect the nose up pitching monent for a constant thrust 
and constant lift coefficient, Tnerefore the direct tximst effect 
is disregai’ded. 

Hhe induced flow of air into the raxing zone behind tlie jet 
nozzle causes a down^^rash at the tail v/hen the tail is notinted above 
the jet axis. On the basis of constant thrust and constant the 

dovmwash increases with altitude due to a decrease in the equivalent 
exit nozzle velocity ratio, . The ratio is the actual 

exit nozzle velocity ratio corrected for the absolute terperature 
ratio, T*/f • It is noted that the ratio did not exceed a 

value of tvio thj?oughout the range of airspeeds investigated- 

A detailed analysis of induced flov; effects at the tail duo to 
inflow to the jet mixing zone is presented in }Jof. (2). Ti;e destabi- 
lizing effect of the downwash is apparent in the increase in dointi 
stabiliser required to balance the airplane as altitude is increased 
for a constant thrust and a constant lift coefficient. 

Ihe normal force effect is created as a result of the roniontum 
change inctirred as the free stream is bent along the duct axis. Tlie 
moment duo to the normal force can be roughly determined from momentum 
considerations as 

%j “ ^ao 

where is the sea level weight flovr rate of air flowing 

throu^ the duct, in pounds per second 

Oj is the angle between the local flow at the duct entrance 
and the dtict axis, in degrees 




i 
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Ijj is the distance frer. the c.g. to the duct onlrance, 
in feet 

3h coefficient fona eq (16) reduces to: 

^ ^'^ao °,1 % 



57.3 gyO( 



Sc 



( 17 ) 



^diich can be e:q)resced as; 
CtiTI 






08) 



x^re 



K 



2 IH 



Sc 



G jO^ 

3:10 effect of load factor applied through symnetrical pull-ups 
is to reduce the angle betx/een the local flor at the duct entrance 
and the duct axis in accordance with the folloxdng relationship: 



Cj *« Cj 
J Jjpsi 



In e 
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xdiich for syraetrical pxiU-vps reduces to; 

- g (n- 1 ) 



^3 



“ Cj 






T 



vdiich can be rexnritten as: 



- In g 



n=1 



(20) 



Substituting the resxilts of eq ( 20 ) into eq ( 18 ) we have the 
more general expression for the normal force noment coefficient as: 






K Vf 



ao 



cc 



^n»1 



iNg(h“'')cr 



( 21 ) 
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It is noted that level flight at the same at various alti- 

tudes ii-f-^lies that 7^ and T are constant. On this basis, exami- 
nation of eq (21 ) reveals the following; 

1 . For flight at n=1 tlie noin'-aO. force effect is independent 
of altitude. 

2. For flight at n>1 1dio destabilisii^ influence of the 
normal force effect increases vrith altitude. Ihis effect accounts for 
the magnitude of the offsets between the altitude trim cta’ves for 

n=1 .5 being greater tlian the offsets of the altitude tinn curves at 
n»1 for the same lift coefficient. 

llie ’Hevator Power, 

Ihc deteridnation of the neutral point based on data for only tiTO 
c.g. positions is questionable. Hovrover, coTiparison of the flight 
•best neutral point variation ;d.th life coefficient, id.th the North 
American Aviation Corporation Data, as presented in Fig. 2^., indicates 
that the data is reliable. 

Goiqparison of the variation of C with Mach number, ^d.th the 

lily 

North American Aviation Corporation data, as presented in Fig.'s 26 . 
and 27., reveals the following: 

1 . A close correlation in the magnitude of C_ exists betwen 
the IIAA wind tunnel data and the flight test results over the Inch 
nmber range investigated. Hoviever, the opposing character of the 
IIAA wind tunnel data and the flight test results indicate that a 
significant difference may occur at higher Ilach numbers warranting 
further investigation. It is noted that the vdnd tvinnel curve 

for the FJ-2 aii'plano is identical in all respects to that of the FJ-3B. 
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2. Hie decrease in id.th Ilach rnirber at a constant lift 

coefficient as indicated hy the flight test results is duo to the de- 
stabilizing influence of the poi-rar effects. 

3. Elevator power increases as the c.g. Koves forward due to 
an increase in tail length. 

The Darping in Pitchy ^d 0 

A conparison of values of deterrlned experirentally with 

the theoretical values, as presented in Table XI., indicate the 
f oUoidjig : 

1 . Close correlation exists between exocririental and theoreti- 
cal results within the Mach nunber range (il < . 75 ) for which eq (lii) 
is considered valid. 

2. Ko experimental value of was deterrlned for “ *325 

at an altitude of 30^000 ft since the associated llach number 

(M = . 8 ) is greater than the Ilach number range for vdiich eq (lli) re- 
mains valid. At Ilach numbers greater than .?5 the assuiptions that 
Cj^ is negligible , and th at is constant for equal to a con- 
stant, are no longer valid; this fact is borne out through exarilnation 
of Fig.'s 20 . and 23. idiere it is noted that at a given Cj^ more dowTi 
stabilizer is required for flight at n= 1 -5 than at n =1 . 

3. The decrease in Cj^0 with Mach number at a constant lift 

coefficient as indicated by the flight test results is due to a de- 
crease in vri-th Mach number. 




I 

# 

I 
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CONCLUSIONS 



It is concluded that: 

1 . "Hie flight test data is reliable . 

2. The non-coincident character of the altitude trim curves 
of stabilizer position versus Cj^ is due to power effects. 

3 The rajor contributions of -povier, (at constant, thrust and 
constant lift coefficient), to the character of the altitude trim 
curves are: 

a. Increase in doinnash -v/ith altitude caused b;r the in- 
duced flo^T at the tail due to inflow to the jet ndodng 
zone. 

b. Increase in nornal force with altitude at the air duct 
inlet under accelerated flight conditions. 

li. A close correlation in the ragnitude of exists between 

lULA vrind tunnel data and the flight tost results over the liach nur±)er 
range investigated. Hoviever, the opposing character of tiie NAA wind 
tunnel data and the flight test results indicates a significant 
difference nay occur at higher ISich nuriber warranting fttrther in- 
vestigation. 

5. The decrease in with Mach nunber at a constant lift 

coefficient, as indicated by the flight test residts, is due to ttie 
destabilizing influence of the power effects. 

6. Close correlation of values for exists betwen flight 

test and theoretical results for Mach numbers less than .75 for 
v/hich eq (lit) is valid. 



I 



h 



2a 



7 . 3ie 
coefficient, 
decrease of 



decrease in ^^ith >iach nuidaer at a constant lift 

as indicated by the flight test results, is dxie to a 

C >d.th ilach mtriber. 

mar 



RECCI-2-ffiNDATIONS 



It is recomended that; 

1. Further investigation of be conducted at higher 

Kach nurbers to deterrdne if a significant difference in Gjjjy 
occurs, as predicted by the opposing character of the IIAA wind 
tunnel data and the flight test results of ■Uiis investigation. 

2. Greater orphasis be placed on obtaining tlie variation 
of the stability derivatives with !.ach nvu'ber threugh flight 



test rethods. 
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Table I. 

Vfeight and Balance Data 

Center of Gravity Locations 
for Korinal and Ballasted Configxirations 



FJ-3B Bn. No. I 36 IO 3 



l^ight 

(lb) 


Fioment 

(in-lb) 


Arm 

(inches from 
reference datum 
to the C.G.) 


C.G. 

(inches aft 
the K.A.C. 
leading edge) 


C.G. 

( M . A . C . ) 


19,U78 ’ • 


3,728,3lt^.5 










1 ,000.0 ^ 








19,1;78 


3,729,31;5.5 


191 .U 6 I 1 


29. 171 


28.619 


- 2,600 fuel 


- 520,000.0 








16,878 


3,209,3li5.5 


I 90 .II 49 


27.859 

1 


27.328 1 

1 


19,li78 


3,728,3li5.5 








5^6 ballast 


23 , 8 U 0.0 I 






I 

i 


20,07h 


3,752,185.5 






1 

) 

1 

! 




1 , 000.0 ^ 








20,07h 


3,751,185.5 


186.867 


21;. 577 


21;. 109 


- 2,600 fuel 


- 520,000.0 






1 

! 


17,171; 


3,231,185.5 


181;. 913 

1 

_1 


22.623 

1 

: 1 


22.192 1 

1 



^ ‘Basic vieight includes; full fuel, canopy closed, pilot, parachute and gear dovm. 
2 ‘Vfeight of fuel in drop tanks. 

3 ‘Ballast at Station IjO. 

^ Goar retraction 

Distance from reference datum to leading edge of K.A.C. = 162.29 in 
H.A.C. = 101.91^ in 



4 
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Table II. 

In-Flight Recorded Data 




X 



Trin soeed 



Table II. 
(contintied) 
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Flight T.O.-G.G. 

(,1!I.A.C.) 


(toots) 


5 

(units) 


r ■" " 

Fuel gage 

(lbs) 


Fuel 
counter 
(ga:i ) 


Terp. 

(°c) 


ilPl'I 

(/j) 1 


; Pres sure 

i 

i altitude 
i (feet) 

i 




205 


276 


3lj80 


668 


-22 


81,. 5 


20, cm 




225 


271 


1 

r 












2i[0 


268 














253.8 ^ 


261} 


' 3720 


7C6 










265 


261 














280 


259 














300 


255 






i 

{ 

1 




i 








average 607 


( 




i 

i 




205 


277 


3 Oho 


600 


-13 


81.2 


0 

0 




225 


272 






1 


1 

1 




2 h 0 


268 








i ! 

i j 




250.8 ^ 


266 


3300 


6h0 




i 




260 


261, 








' 1 


j 


275 


260 








i : 

1 , 




295 


257 






1 


1 








average 620 




j 


i 

1 


3 28.619 


210 


2li3 


hoco 


730 


- h 7 


86.5 


30,000 


(n=1 ) * 


230 


235 i 












) ' i 




236 j 












j 

I 


! 257.8 ^ 


23ij I 


1,300 


780 








! 

I 


270 


233 ! 




' 








i 


295 


232.5 






i 


i 






315 


232 : 










i 

} 


j 




1 


average 755 






1 

! i 

t ! 


1 


205 


2i}7 


3h20 


658 


-22 


i 


1 1 

1 20,000 i 




225 


2li3 








i 


t 1 

I 


. 1 


21,0 


2l,1 








1 


1 


1 


253.8 ^ 


239 


3900 


720 








{ 


265 


238 














280 


236 1 






1 






1 


300 


235 I 




i 

! 




1 




! 

i 




i 

[ 


average 689 j 


1 


i 

i 


i 


! 

1 


2Q5 


2 I 49 i 


31 00 


590 ! 


-13 


81.2 


i 

1G,0'^0 




225 


21,5 i 




1 


! 


1 

i 




1 

1 


2 h 0 „ 


2li2 1 






! 


1 




250.8 ^ 


2l|0 i 


3h00 


61,6 i 


i 


1 




260 


239 






j 


\ 

! 


j 1 


275 i 


i 237 i 






( 


1 


i 

1 


295 i 

i 


, 236 






! 


: 



average 6l 8 



^ Trin speed 



Table II. 
(contin\ied) 
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Fligiit 

No. 


T • 0 • -0 • G * 

( M . A • C * ) 


^i 

(knots) 


S 

(units) 


Fuel gage 
(lbs) 


Fuel 

counter 

(gal) 


Te’ip. 

(°G) 


PJPli 

i%) 


Pressure 

al bitude 
(feet) 


h 


28.619 


210 


21-8 


hooo 


730 


-]j8 


86.2 


30,000 


(n=1.5) 




230 


2h3 




1 


! 










2 h^ ^ 


2li1 




1 

i 


1 










237.8 ^ 


239 


1-270 


780 


1 










270 


237 ' 






1 

I 










293 


236 




1 


1 

! 










313 


233 


[ 




i 

1 








i 

I 

1 




averc 


!ge 739 


i 

i 






I 




203 


237 


3330 


682 i 


i -22 


81.2 


20,000 


1 

\ 

t ‘ 




223 


233 




1 


i 

1 






? 

i 




2l»0 


230 






i 






i 




233.8 ^ 


2h8 


3800 


728 


1 






1 




263 


21-6 












i 

i 




280 


2ii3 












J 

1 




300 


2 h 1 












i 

1 








average 703 i 


i 






' i 

{ 
i 




203 


238 


3200 


622 


! 

-13 


81 .0 


io,ccq‘ 






223 


233 










• 






2h0 


232.3 
















230.8 ^ 


231 


3300 


668 












260 


219 
















273 


2I47 












1 




293 


2 h 3 












1 

1 

1 1 


L 




i 


average 6I43 ! 


1 




f 



X 

Trim sr>eed 

note - First point obtained at each altitude was trim speed. 
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Table III. 

Average Abights and Centers of Gravity 



Flight No. 


Pres% alt. 
(ft) 


Vfei^t 

(lbs) 


C.G. ^ 

(5 K.A.C.) 


■ ■ ■ 

1 

(n=1) 


' 

30,000 

20,000 

10,000 


j 18,620 
18,220 
17,850 


23.03 

22.7h 

22.1t6 


2 

(n=1 .5) 


88 8 
o o o 

o o o 

CM 


! 18,760 
18,380 
17,?60 


23. lit 
22.86 
22.5U 


3 

(n=1) 


30,000 

20,000 

10,000 


18,200 

17,780 

17,3liO 


27.98 

27.77 

27.55 


U 

(n=1 .5) 


30,000 
20,0^0 
10,000 i 


10,230 

17,880 

17,500 


28.00 
i 27.32 
1 27. 6h 



X 



Obtained from Fig. 9. 
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Table P/. 

In-Flight Recorded Data 



Test Flight No. 3^ Conducted by Naval Air Test Center, 
Test Pilot's School Staff as Substantiating Data. 



3A 

(n=1) 



T.O.-C.G. 
j (% M.A.C.) 


'^i 

(knots) 


(units) 


Fuel gage 
(lbs) 


Temp. 

(°c) 


RPil 

(;^) 


Press, 

(fe( 


\ 

28.619 


210 


2 h 2 


3800 


-30 


86.5 


1 

1 


1 

1 


230 


238 




1 


1 




1 

1 


2U5 


237 




1 








257.8 


23ii 


: iji5o 








1 


1 270 


23h 


( 








i 

} 


1 295 


: 233 












! 1 


i 233 


! 


i 






20^ 


2lih 


1 3200 


-18 


3[t;0 


20,1 


: 225 


2U2 




1 






! 2li0 


2I4O 




j 

i 






; 253.0 


23O 


3650 


1 






1 265 


237 










; 1 200 


1 236 




i 






: 3C’0 1 


i 23^ 




1 






205 ; 


2)j7 




i 

5 i 


0l .2 


10, ( 


1 225 i 


1 2 W‘ 




i 






! 2)iO 1 


2 h 2 




j 






■ 250.8 1 


2 h 0 


3250 


i 

J 






260 ; 


238 1 




1 






275 


235 i 




I 

1 

\ 






295 


235 




i 

! 







Table V 



Eeteri-dlnation of Equivalent Airspeed, 7^ 



“p 




^^POS 








H 


30,000 


210 


1 .30 


211 .30 


- 5.8 


205.50 


.57 




230 


1.55 


231.55 


- 7.5 


221). C5 


.62 




21^5 


1 .60 


21-6.60 


- 3.9 


237.70 


.66 




257.3 


1 .20 


259.00 


-10. c 


2i-9.00 


.69 




270 


.95 


270.95 


-11 .h 


25^.55 


.72 




2^5 


.90 


295.90 : 


-111.14 


?6l .50 


.78 




315 


.10 


315.10 i 


-17.^ 


293.10 


.83 


20,000 


205 


1.35 


206.35 ; 


: - 2.8 


203.55 


.I45 




225 


1 .liO 


226. IjO i 


- 3.7 


222.70 


.19 




2h0 


1.75 


2M .75 


- h.h 


2L1 .35 


.53 




253.8 


1 .30 


255.10 


- 5.1 


250.00 


.56 




265 


1 .05 


266.05 


- 5.8 


260.25 


.58 




230 • 


.80 


280.80 


- 6.7 


2714.10 


.61 




300 


.80 


300.80 


- 8.1 


292.70 


.65 


10,000 


2C5 


1 .35 


206.35 


- 1 .1 


205.25 


.37 




225 


1 .liO 


226.1-0 


- 1.5 


22 h.90 


.111 




2[;0 


1 -75 


21.-1 .75 


- 1 .8 


239 ■'"h 


.hh 




250.8 


i .ho 


252.20 


- 2.0 


250.20 


.1:6 




260 


1 .15 


261 . 1 5 


- 2.2 


258-95 


.1(7 




275 


.85 


275.85 , 


- 2.6 


273.25 


.50 




2'^5 


.^0 


295.90 1 


- 3.2 


29-2.70 


1.55 



3h 



Table VI. 

Defcorrdjiation of versus 5* 
Talce-off C.G. 2lj.109 % K.A.C. 



■ 

feet 


lonots 


ft^/sec^ 


n=1 (Plight II0.I) 


n=1.5 (Plight IJn. 2) 


5^*ind 

units 


5* 

deg 


lbs 




5* ind 
luiits 


dog 


‘‘Wg 

lbs 




30; 000 


20^.50 

22h.0$ 

237.70 

2li9.0O 

259.55 
281 •5'0 
298.10 


121 ,000 
lUi,000 

161 ,8rx) 

178,'OOG 
193, 00 
226,000 
25ii,0CC' 


260 

255 

252 

2h9 

2hl 

2hh 

2h2 


-0.82 

-0.53 

-0.36 

-0.20 

-0.10 

+0.08 

+0.19 


18,620 


.1:28 

.359 

.320 

.291 

.268 

.229 

.20)1 


269 

265 

262 

258 

255 

251 

2)48 


-1 .32 
-1 .10 
-C.92 
-0.70 
-0.53 
-0.31 
-0.15 


18,760 


.61.5 

.5)43 

.1483 

. )l)40 

.)4 c 5 

.3)46 

.30S 


20,000 


203.55 

222.70 
2l;1 .35 
250.00 
260.25 

2714.10 

292.70 


118,200 

1) 42,000 
166,500 
179,00-0 
19l4,OCO 

215,000 

2) ;5,000 


263 

258 

255 

253 

250 

2)48 

2)4)4 


— 0.98 
-0.70 
-0.53 
-0.)-2 
-0.25 
-0.15 

+0.C6 


18,220 


.1429 

.357 

.305 

.28)1 

.262 

.236 

.207 


276 

271 

268 

26); 

261 

259 

255 


-1.70 
-1 .142 

-1.25 
-1 .03 
-0.86 
-0.75 

-0.53 


13,380 


.6)48 

. 5 )iC 

.)i. 6 o 

.)■28 

.39)4 

.357 

.312 


1 0,000 


205.25 

22IJ.9O 

239.95 
250.20 

258.95 

273.25 

2<’2.70 


120,500 

11 j 5,000 

16)4,000 

179,500 

192,000 

21)4,000 

2 )j 5,COO 


26)4 

259 

256 

25)1 

252 

2h9 

2)46 


-1 .03 
-0.75 
-C.60 
-0.){8 
-C.36 
-0.20 
-0.30 


17,850 


.)i 11 

.3)12 

.302 

.276 

.258 

.232 

.202 


277 

272 

268 

266 

26)4 

260 

257 


-1.75 

-I.I48 

-1.25 

-1.15 

-1 . 03 
-0.32 
-0.65 


17,960 


.620 

.515 

.1456 

.)il 7 

.390 

.350 

.306 



1 
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Table 7II. 

Deternination of Cj^ versus S* 
Take-off C.G. 28.619 % H.A.C. 







.r 2 


n=1 


(Flipht Ho. 3) 


n=1 , 


.5 (mght IIo.l,) 




7 


V 




















e 


























Vind 


r 


Vg 


Cl 


5*ind 


5" 


%vg 


Cl 


feet 


knots 


ftVsec^ 


xtnits 


deg 


lbs 




units 


deg 


lbs 




30,000 


205.50 


121 ,000 


2li3 


0.13 


18,200 


.1,18 


21,8 


-0.15 


18,23c 


.627 




22;'!. 05 


IIiljjOOO 


239 


0.35 




.351 


2l;3 


+C.I3 




.526 




237.70 


161 ,8^0 


236 


0.52 




.313 


21,1 


0.25 




.1,70 




2l{9.00 


178,000 


23 I 4 


0.62 




.281, 


239 


0.35 




.1,26 




259.55 


193^000 


233 


0.68 




.262 


237 


0.1,7 




.392 




231 .50 


226, COO 


232.5 


0.70 




.22I1 


236 


0.52 




.336 




298.10 


25I|,000 


232 


+0.71; 




.199 


235 


+0.57 




.298 


20,000 


203.55 


118,200 


2li7 


-0.10 


17,780 


.1,17 


257 


-0.65 


17,880 


.630 




222.70 


1ij2,000 


2U3 


+0.13 




.318 


253 


-0.1,2 




.525 




21:1 .35 


166,500 


2UI 


0.25 




.297 


250 


-0.25 




• 1,1,7 




250 . CO 


179, COO 


23? 


0.35 




.276 


2li8 


-0.15 




.1,15 




260.25 


19ij,CX)0 


238 


0.1,0 




. 25 I 4 


21,6 


-0.03 




.381, 




27I1.IO 


215,000 


236 


0.52 




.230 


2l,3 


+0.13 




.31,6 




292.70 


2L.5,000 


235 


+0.57 




.202 


21,1 


+0.25 




.301, 


1 0,000 


205.25 


120,500 


2h9 


-0.20 


17,3ii0 


.1,00 


258 


-0.70 


17,500 


.605 




22I-.9O 


11-5,000 


2ii5 


+0.02 




.332 


255 


-0.53 




.503 




239.95 


16]., ‘00 


2h2 


0.19 




.29lt 


252.5 


-O.hO 




.1,35 




250.20 


179,500 


2h0 


0.30 




.268 


251 


-0.31 




.1,06 




258.95 


192,000 


239 


0.35 




.251 


2U9 


-0.20 




.380 




273.25 


21ii,000 


237 


0.U7 




.225 


21,7 


-0.09 




.31,0 




292.70 


2lf5,000 


236 


0.52 




.197 


21,3 


+0.13 




.298 



f 
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Tab-^e mi. 

Correctinf; Data to CoFinon C.G. 's 



n=1 

Common C.G. 22 . 7 h % F.A.C. 







S * 




> 

w 

>vg 


^-^avgVwd- 


^^sbift' 


3. 

LCQ 


h. 

CG shift 
constant 


5 * 

corr 


A- 


feet 




deg 


deg 


lbs 


MAC 


% MC 


.i MAC 


degAo 1-AC 


deg 


dep 


30,000 


.1:00 


-.70 


.89 


18,620 


23.03 


-.29 


h.95 


.1798 


-.052 


-.75 




.375 


-.59 


.38 










.1780 


-.052 


-.6h 




.350 


-.h? 












.1793 


-.052 


-.5h 




• 3?5 


-.37 


.87 










.1766 


-.051 


-.h2 




.300 


-.25 


.83 










.1675 


-.Ohc 


-.30 




.?75 


-.1h 


.78 










.1575 


-.01,6 


-.19 




.?5o 


-.'2 


.70 










.1h12 


-.ohi 


-.06 




.??5 


+.1C 


.61 










.1230 


-.036 


.06 


? 0,000 


.hoc 


-.CO 


.85 


18,220 


22. 7h 


0 


5.03 


.1690 


0 


-.CO 




.375 


-.81 


.8h 








.1670 


0 


-.81 




.350 


-.71 


.32 










.1630 


0 


-.71 




.325 


-.60 


.80 










.1590 


0 


-.60 




.3''0 


-.h8 


• 1 ^ 










.1h9C ^ 


C' 


-.18 




.275 


-.35 


.70 










.1390 


0 


-.35 




.250 


-.20 


.63 










.1252 


0 


-.20 




.225 


-.05 


.56 










.1112 


0 


-.05 


1 0,000 


.!i00 


-IJDO 


.30 


17,85c 


22. h6 


.28 


5-Oc 


.1572 


.Ohh 


-.96 




.375 


-.02 


.32 










.1612 


.ol'5 


-.38 




.350 


-.83 


.82 










.1612 


.0h5 


-.7'" 




.325 


-.71 


.7c 










.1552 


.oil 


-.67 




.300 


-.59 


.77 










.I5lh 


.0] 2 


-.55 




.275 


-.h6 


.73 










.111 36 


.oho 


-.h2 




.250' 


-.31 


.67 




1 






.1318 


.037 


-.27 




.225 


-.16 


.6h 










.1258 


.035 


-.13 



'■ ilS’- 5 cb aft - SCG fwd omstant Cj^ 

“ shift ■ - (=“avG> 

^CO = (CGgyg)aft - CCOrgVgJflKi 
OG shift constant = (iSVCiOG) 

^coi*r* *” ( CG constant} 

^ ^corr 



Table ’/III. 

(continued) 

Correcting Data to Corruron C.G. ’s 
n=1 

Connrn C.G. 27.77 % K.A.C, 



H 

P 

feet 




deg 


uV 

deg 


w 

avp, 

lbs 


% me 


^^"shrift 
^ MAG 


AGG 
% MAC 


CG shift 
constant 

deg/% MAC 


^corr 

deg 


2T 

dep 


30,000 


.IiOO 


.15 


.89 


18,200 


27.98 


-.21 


14.95 


. 1 7-8 


-.038 


.15 




.375 


.2? 


.80 










.1780 


-.037 


.25 




.350 


.140 


.89 










.1793 


-.038 


.36 




.125 


.50 


.87 










.1766 


-.037 


.1(6 




.300 


.58 


.33 










.1675 


-.035 


.55 




.275 


.6I4 


.78 










.1575 


-.033 


.61 




.250 


.60 


.70 










.11^12 


-.030 


.65 




.225 


.71 


.61 










.1230 


-.026 


.68 


20,000 


.I'OO 


-.05 


.85 


17,780 


27.77 


0 


5.03 


.1690 


0 


-.05 




.375 


.03 


. 31 i 










.167c 


0 


• 03 




• 350 


.11 


.82 










.1630 


0 


.11 




.325 


.20 


.80 










.1590 


0 


.20 




.300 


.27 


.75 










.11(90 


0 


.27 




.275 


.35 


.70 










.13^0 


0 


.35 




.250 


.13 


.63 










.1252 


0 


.)'3 




.225 


.51 


.56 










.1112 


0 


.51 


10,000 


.hOO 


-.20 


.80 


17 , 3 ):C 


27.55 


.22 


5.09 


.1572 


.035 


-.17 




.375 


-.10 


.82 










.1612 


.036 


-.06 




.350 


-.01 


.82 










.1612 


.036 


.0-3 




.325 


.08 


.79 




, 






.1552 


.03l( 


.nil 




.300 


.1 8 


.77 










.I 5 lij 


. 033 


.21 




.275 


.27 


.73 










.11(36 


.032 


.30 




.250 


.36 


.67 










.1318 


.029 


• 39 





.225 


. 1 j 7 


.61j 










.1258 


.028 


.50 



Table 7III. 

(continued) 

Correcting Data to Common C.G. *s 
n == 1 .5 

Coininon C.G, 22 . 7 U % K.A.C. 



33 



H 

P 

feet 


"l 


ar" 

deg 


deg 


lbs 


CG 

avg 

% FAC 


' ^^shift 
% lAC 


/iCG 

% lAC 


CG shift 
constant 

deg/% ¥AC 


3Tcorr 

deg 


5 

deg 


30,000 


.32 


- .18 


.73 


18,760 


23. 1h 


0 

• 

1 


h.86 


.1610 


-.065 


- .2h5 




'.36 


- .37 


.83 










.1710 


-.069 


- .1,39 




.ho 


- .55 


.93 










.1920 


-.077 


- .627 




• Itil 


- .73 


1 .03 










.21 20 


-.085 


- .815 






- .90 


1 .10 










.2260 


-.090 


- .990 




.52 


-1 .Oh 


1 .16 










.2390 


-.096 


-1.1 ho 




.56 


-1 .15 


1 .18 










.2h30 


-.097 


-1 .250 




.60 


-1 .23 


1 .18 










.2h30 


-.097 


-1 .330 


20,000 


.32 


- .58 


.76 


18,380 


22.86 


-.12 


h.96 


.1530 


-. 01 8 h 


- .598 




.36 


- .75 


.80 










.I6lh 


-.019h 


- .769 




.ho 


- .93 


.83 










.1675 


-.0201 


- .950 




.hU 


-1 .11 


.86 










.1735 


-.0208 


-1 . 1 30 




.I48 


-1 .29 


. 9 h 










.1900 


-.0228 


-1 .310 




.52 


-1 .h2 


.99 










.2000 


-.02h0 


-1 .hhO 




.56 


-1 .51 


1 .01 










.20h0 


-.0215 


-1 .530 




.60 


-1 .60 


1 .cl. 










.2100 


-.0252 


-1 .630 


10,000 


.32 


- .73 


.72 


17,960 


22. 5h 


+ .20 


.51 


.11,12 


.0282 


- .702 




.36 


- .90 


.75 










.11,72 


.029h 


- .871 




•ho 


-1 .08 


.78 










.1530 


.0306 


- 1 .050 




•hU 


-1 .26 


.82 










.1610 


.0322 


-1 .230 




. 1,8 


-1 .h3 


.91 










.1785 


.0357 


-1 .390 




.'52 


-1 .55 


.95 










.1865 


.0373 


-1.510 




.56 


-1 .65 


1 .00 










.1962 


.0392 


-1 .61 0 




.60 


-1.75 


1 .06 










.2080 


.0hl6 


-1 .710 
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Table VIII. 

(continued) 

Correcting Data to Coiranon C.G.’s 



n=1 

Common C.G, 27»77 % M.A.C. 



1 feet 




5 ^ 

deg 


^ 5 ^ 

deg 


^avg 

lbs 


CG 

avg 

% I 1 AC 


‘^^shift 
% VAC 


ACG 
% VAC 


CG shift 
constant 

deg /% MAC 


5 ^corr 

deg 


5 T 

deg 


30,000 


.32 


.55 


.73 


18,230 


28.00 


-.23 


h .86 


.1610 


-.0370 


.513 




.36 


.h 6 


.83 










.1710 


-.0390 


.h 21 




.ho 


.38 


.93 










.1920 


-.OhhO 


.336 




.hh 


.30 


1 .03 










.2120 


-. 0 h 90 


.251 




. 1.8 


.20 


1 .10 










.2260 


-.0520 


. 1 h 8 




.^2 


.12 


1 .16 










.2390 


-.0550 


.065 




.56 


.03 


1 .18 










. 21(30 


-.0560 


-.026 




.60 


-.05 


1 .18 










. 2 h 30 


-.0560 


-.106 


20,000 


.32 


+ .18 


.76 


17,880 


27.82 


-.05 


h.96 


.1530 


-.0076 


.172 




.36 


.05 


.80 










.l 6 lh 


-.0081 


. 0 h 2 




.ho 


-.10 


.83 










.1675 


-. 008 h 


-.108 




.hh 


-.25 


.86 










.1735 


-.0087 


-.258 




. 1 x 8 


-.35 


• 9 h 










.1900 


-.0095 


-.359 




.52 


-.h 3 


.99 










.2000 


-.01 00 


-.hhO 




.56 


-.50 


1 .01 










. 20 h 0 


-.01 02 


-.510 




.60 


-.56 


1 .Oh 










.2100 


-.0105 


-.570 


10,000 


.32 


-.01 


.72 


17,500 


27 . 6 h 


+.13 


5.10 


.lh 12 


.01 8h 


. 008 h 




.36 


-.15 


.75 










. . 1 h 72 


.0191 


-.131 




.ho 


-.30 


.78 










.1530 


.0199 


-.280 




.hh 


-•hh 


.82 










.1610 


.0209 


-.h 19 




.h 8 


-.52 


.91 










.1785 


.0232 


-h 97 




.52 


-.60 


.95 










.1865 


. 02 h 2 


-.576 




.56 


-.65 


1 .00 










.1962 


. 025 h 


-.625 




.60 


-.69 


1 .06 










.2080 


.0270 


-.663 



Determination of 



w 

o 

6 



CA<^ rr\^ OJ-CO r^OJ CsJvO^r- C^CO vO vO o 

cvj cnj ia ^ r- U\ 
f^-^^C^^UwO-^VwO-^'LavOJ'LPv'O 



4 — 



O — ^ O O CJ \A CO CO C^ C^\A r^vO 0^00 v£) t~ \A 



c^OnCO O \0^ 

V\XAvO . _ _ 

C\)CMC\JOJC\JOJC\JC\)C\JOJC\JC\JC\JC\JC\j 



» » V/ N VJk»/ 

lAUwo 

<V CJ CM 



- ^ C*- la CO ^ CJ OJ CO tr\ CK U\ CM 

^-^la ra^ia ra ra^ cm ra-^ 
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V) ^ ta lA ^ irj ^ ra ra ra cm ra ra 
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vO r- CN C- CM \-A On O CN CO fA vO 
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O 
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.-j ^ 



CM 



O 

\ 



CA 

o 

lA 

o 



\ 



+3 

Q) 



o 

o SI 



>4 

o 






vO vO vO CA CA CAvO vO vO <A <A CAvO vO vO <A CA CA 
<A <A <ACO GO CO PA CA CAGD CO CO CA <A <ACO CQ CO 



O O O 



O O O 
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O Q Q O O O 

Q Q a Q Q Q 



o 

o 



oooooooo 



•> *\ •% 



oooooooooooooooooo 

CMCAt— CM <At— CJCAr- CMrA»— CMCAr- CM<A! 



CM 

CM 



XA 

C-- 

CM 



C-“ 

C-- 



c^ 

CM 



CM 
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o 

CA 



CM 






CM 

CM 



\A 

CM 

CA 



CM 



O 



CM 

VO 

<A 

0 

-P 

•S 

o 

p. 

iH 

2 

<D 



2 

G 



O 
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